Antigen receptor-mediated signaling is critical for the development and survival of B cells. However, it has not been established whether B cell development requires a signal from self-ligand engagement at the immature stage, a process known as "positive selection." Here, using a monoclonal B cell receptor (BCR) mouse line, specific for the self-Thy-1/CD90 glycoprotein, we demonstrate that BCR crosslinking by lowdose self-antigen promotes survival of immature B cells in culture. In spleen, an increase in BCR signaling strength, induced by low-dose self-antigen, directed naive immature B cells to mature, not into the default follicular B cell fate, but instead into the marginal-zone B cell subset. These data indicate that positive selection can occur in developing B cells and that BCR signal strength is a key factor in deciding between two functionally distinct mature B cell compartments in the microenvironment of the spleen.
Introduction
Lymphocyte development is a dynamic, interactive process that takes place in various microenvironments. For developing T cells, it has been established that antigen receptor signaling due to self-ligand engagement critically affects the fate of these lymphocytes, either positively or negatively. During T cell development in thymus, binding of self major histocompatibility complex ligand by T cell receptor in a low-affinity interaction prevents immature cell death, resulting in "positive selection" (Kisielow et (Hayakawa et al., 2003 ). This transgenic model system allowed us to assess the relative effect of different BCR signal strength on naive immature B cells by altering Thy-1 antigen quantity in mice and also in culture to modulate the BCR crosslinking signal. We demonstrate here the critical role of BCR signaling strength in determination of B cell subset fate and its consequent influence on Notch 2 susceptibility. In RagKO mice, the amount of self-Thy-1 antigen is expected to be significantly reduced from wild-type levels, due to a block early in T cell development, but it will not be absolutely lacking due to the expression of Thy-1 antigen by residual immature thymocytes (corresponding to about 1% of wild-type numbers, see Figure S2D , wt). However, rare Thy-1 6C10+ nonlymphoid cells could conceivably play a critical role. Thus, to test whether the quantity of self-antigen produced from thymocytes was a critical factor, we generated a series of Thy-1 transgenic mouse lines, with Thy-1 expression driven by the proximal lck promoter and, thus, preferentially expressed by immature thymocytes (Chaffin et al., 1990). Lines expressing moderately higher, moderately lower, or much lower levels of Thy-1 6C10 , compared to wild-type levels, were selected, bred to a ThyKO background, and then crossed with 3369ThyKO mice, so that the thymocyte/T cellderived transgene Thy-1 was the only source of Thy-1 self-antigen (see Figures S2C and S2D ).
Results

MZ B Cell Development Promoted by Self-Antigen
We found that T cell development and early bone marrow ATA B cell development proceeded similarly in all mice. Importantly, the effect of self-antigen dose was readily apparent from analysis of ATA B cells in the spleen. To test whether such serum Thy-1 bound by the ATA BCR could mediate positive selection, we analyzed diluted J H KO mouse sera in the immature B cell culture assay, in comparison to J H KOThyKO sera, attempting to provide a low-level Thy-1 crosslinking signal comparable to that experienced in low Thy-1-expressing RagKO or lck-Thy 10 mice. Use of J H KO mouse sera helps to minimize potential antigen-antibody complexmediated effects from serum. As shown in Figure 4B , Thy-1-containing serum at 1:100 dilution (18 pg/ml, on average) had a positive effect on cell survival in culture and induced MHC class II, specific for ATA immature B cells. These effects were not seen with serum from Thy-1-negative mice. Thus, B cell-positive selection can occur as a consequence of exposure to naturally occurring Thy-1 self-antigen in serum. 
Notch 2 Signal-Dependent MZ B Cell Differentiation from Positively Selected Cells
Experimental Procedures
Mice ATA IgκTg mouse line 3369, Thy-1KO ("ThyKO"), and 3369Thy-1KO ("3369ThyKO"), all on a C.B17 background, were described previously (Hayakawa et al., 2003) . Rag-1KO ("RagKO") and J H KO mice were backcrossed to BALB/c and C.B17 mice, respectively, for more than six generations. Studies were performed according to institutional guidelines for animal use and care (IACUC). 
Generation of lck-Thy-1 Transgenic Mice
